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THE LAY-OUT AND EQUIPMENT
OP A
LOCOMOTIVE REPAIR SHOP
I- INTRODUCTION
1. Statement of Problem- in this thesis it is proposed to
layout a locomotive repair shop and select the equipment for it.
The repair shop will be located at a locomotive terminal on a
division of a railroad in the middle west. A few improvements
will also be added to the locomotive terminal facilities.
2. Existing Conditions- The division which the shop is to
serve consists of 250 miles of main line and a branch of 50 miles.
The western part of the division contains many hills and curves,
while the eastern part extends across prairie land. The -track
and bridges will not allow the use of locomotives much heavier
than those on the division at present.
It is the policy of the railroad company to send only old
locomotives to this division and use them here until they are
worn out. The traffic throughout the year remains practically
constant, and the demand for engines is always such that very lit-
tle time is given to keeping them in good repair. Consequently
the locomotives are subjected to the severest kind of service.
The passenger engines make about 250 and the freight engines
about 100 miles per day. Ordinarily the former class average
75,000 and the latter 50,000 miles between each general overhaul-
ing. The present assignment of locomotives to the division numbers
about ninety.
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The main locomotive repair shop for the railroad is locat-
ed 260 miles from the proposed "division repair shop". The for-
mer is well equipped to take care of the more important repairs,
such as new boilers and fireboxes. The proposed shop will there-
fore not be designed to make all classes of repairs, but only the
lighter class, such as resetting flues , turning tires, and general
repairs to machinery. This will thus relieve the main shop which
at present, in attempting to do both classes of repairs, is over-
crowded.
3. Land Available- The land available for the location
of the repair shop is part of a tract of about four acres ad-
jacent to the freight yards and main line track. Part of this
land is already used for the present locomotive terminal and
freight car repair tracks, the location of which is shown in Pig.
If page 3. Many of the buildings are old frame structures. The
elevation of the land affords good natural drainage.
• 4. General Considerations- In designing a locomotive re-
pair shop it is necessary to allow for a probable yearly increase
of equipment in order that the question of further extensions
need not be considered for a period of from five to ten years
after the new shop is in operation.
The division to be served by the proposed shop receives
seven or eight engines per year. The shop should therefore be
designed to provide for an increase of eight engines per year
for a period of five years, that is, to care for forty in addition
to the ninety in use at presenter a total of 130 engines.



Current practice indicates that a shop caring for the
above number of engines requires about ten pits in the erect-
ing shop. Referring to Pig.l page 3, it is apparent that there
are two possible layouts for a shop of this capacity ;one where-
in the erecting shop is entered by a yard approach, and another
wherein it is entered by means of a transfer table. The ques-
tion of longitudinal versus cross shop with large traversing
crane does not enter into the selection of a shop of the above
size since such arrangements are confined to larger erecting
shops.
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THE LAYOUT,
1. Various Departments of the Repair Shop- The princi-
pal departments for locomotive repairs are the erecting shop,
machine shop,boiler shop, and blacksmith shop. These four shops
form the main locomotive shop, and in the case under considera-
tion will be grouped together in one building.
In addition to the above departments , the storehouse, tool-
room, and general offices should be provided for. These sub-de-
partments are closely associated with the main repair shop and
will be given due consideration as to their size, location, and
equipment.
2. The Erecting Shop- The erecting shop, the most impor-
tant department and one upon which the size of the others de-
pends, will be considered first.
Under present conditions the locomotives are in service
about fifteen months between each general overhauling. The pro-
posed shop is expected to give each engine light repairs once a
year. The time an engine is to be held out of service for re-
pairs has been assumed as thirty days. One pit in the erecting
shop will therefore take care of twelve engines per year. Since
130 engines are to be repaired, eleven pits will be required.
The average floor space per erecting pit of the shops listed
in group l,page 57; of Berg's American Railway Shop Systems,
is 1570 square feet. Assuming this area per pit to be applic-
able in this case, the erecting shop shop should have a total

of 17270 square feet. Spacing the pits twenty-two feet centers
fixes the length of the shop as 242 feet. To obtain the requir-
ed floor area, the shop will be made 72 feet wide.
5 . The Machine Shop- The machine shop is next in import-
ance to the erecting shop and should be of sufficient size to
accomodate all work required by the erecting department. Accord-
ing to Berg's American Railway Shop Systems,page 57 the machine
shop should be about the same size as the erecting shop. The
average square feet of floor space per erecting pit of the shops
in group l,is 1592 square feet or 22 square feet per erecting
pit more than the erecting shop. Maintaining the same length as
the erecting shop, namely 242 feet, the required area is obtained
by making the machine shop 73 feet wide.

4, The Boiler and Tank Shop- One of the first points
that should be considered after the size of the erecting and
machine shops has been determined is the floor space required
for the boiler shop.
Practice indicates that the size of the boiler shop bears
a certain relation to the number of pits in the erecting shop.
Prom Berg's American Railway Shop Systems, it has been found
that the boiler shop should contain 715 square feet of floor
space per erecting pit. A floor area of 7865 square feet will
therefore be sufficient. In order to conform with the width of
the erecting shop previously determined, the boiler shop will
be made 72 feet wide, thereby fixing the length as 110 feet.
This gives approximately the required floor area.
The work carried on in the boiler shop will consist of
tank repairs , cutting flues, and laying out boiler plates.Boilers
will not be carried into the boiler shop except for special work,
but will be repaired in the erecting shop. This being so, one
track in the boiler shop will probably be sufficient to take
care of tank repairs.
5. The Blacksmith Shop- The next shop to be provided for
is the blacksmith shop. The size of this, like that of the boiler
shop, is dependent upon the number of erecting pits. According to
standard practice, the number of square feet of floor space per
erecting pit should be about 730. The blacksmith shop should
therefore have a floor area of 8030 square feet. It is desirable
to have the length of this shop equal to that of the boiler shop
or 110 feet, ?ith this dimension fixed a width of 73 feet will
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furnish the required floor area.
6. The Storehouse- The storehouse will be made suffic-
iently large to contain the supplies for the round-house and
the
the train and engine crews as well as the material for A loco-
motive repair shop. Since conditions vary at different shops
there is no rule concerning the proper size of a storehouse.
The best that can be done is to use the data obtained from in-
vestigating the sizes of storehouses located at shops Unaving
conditions similar to those of the proposed shop. After inves-
tigation, it is thought that a storehouse having a total area
of 11000 square feet will be amply large. The storehouse will
be built two stories high,for there is a large amount of small
material that can be stored in the upper story. A platform
elevator will be installed to convey the material from floor
to floor. A portion of each floor will be used for offices of
the mechanical and maintenance-of-way departments. The above
named floor area is obtained by making the storehouse 100 feet
long and 55 feet wide.
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7. The Toolroom, Office, and Washroom- The toolroom should
be of sufficient size to accomodate the tools and fixtures used
in the various departments. It should also be large enough to
contain the few machines used in Keeping these tools and fix-
tures in proper working order. A toolroom 40 feet long and 25
feet wide seems adequate for the shop under consideration.
A washroom 30 feet long and 15 feet wide provided with
lockers and toilet facilities will be located beside the tool-
room.
The office of the shop foreman will be placed next to
the toolroom and adjacent to the washroom. A hallway 3 feet
wide, leading from the machine shop to the wash room will separ-
ate the office from the toolroom. The dimensions of the office
will therefore be ten feet wide and 12 feet long.
r
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8. Grouping of the Shops- In the design of a locomotive
repair shop it is desirable to group the several departments
under one roof , and to arrange them in such a manner that the
different operations to be performed will follow in succesive
order as material is moved from shop to shop. In this way use-
less travel of both men and material will be obviated.
The principles above stated may be readily applied to
the design under consideration. The reasons for the relative
locations of the different departments will now be explained.
Prom previous calculations it is evident that the main
building should be 352 feet by 145 feet. The machine shop will
be placed parallel to the erecting shop in the same building;
thus making it possible to move the heavy parts of a locomotive,
such as wheels, rods, and driving boxes
,
quickly and with a mini-
mum amount of labor from one to the other.
The boiler shop is placed in line with the erecting shop,
or is merely a continuation of it with a fire wall separating
the two. This location of the boiler shop in relation to the
erecting shop is desirable because the work carried on in the
two is closely associated. Unnecessary expenditure of time and
labor in transferring work from one to the other will be elim-
inated by having the two departments adjoining , thus permitting
straight line movement of both men and material.
The blacksmith shop is situated in line with the machine
shop and parallel to the boiler shop. This arrangement is advan- 1
tageous because many of the parts to be repaired are taken
directly from the erecting shop to the blacksmith shop, thence
_
,
,
,
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to the machine shop and back to the erecting shop. Under the
proposed arrangement these operations may be carried out in
convenient order and with the least possible delay. Since the
boiler shop will depend upon the blacksmith shop for small forg-
ings,and the upsetting and heading of bolts, it will be conven-
ient to have the two shops adjacent.
The ideal location for the toolroom might appear to be
midway between the erecting shop and the machine shop. But in
view of the fact that heavy machines will be placed near the
erecting shop, and that these machines require very few tools
from the toolroom, it is thought that less unproductive travel
will result from locating the tool room, together with the wash
room and foreman's office in a bay at the center of the longest
wall of the machine shop.
J

9 t Choice of the General Layout- As previously stated
there are two feasible layouts for the proposed shop. The first
layout to be considered is that whereby the locomotives may
enter the erecting shop by means of a series of tracks and switch-
es, in other words by a yard approaches shown in Pig. 2 (a) page
14. The second method to be considered is that in which the re-
pair shop is served by a transfer table,as shown in Pig. 2 ( b)
page 14. The purpose now is to enumerate the advantages or dis-
advantages of the two layouts and select the one which seems to
present the more promising features.
with the location of the repair shop as shown in Pig. 2 ( a)
the following unfavorable conditions seem to manifest themselves.
The storehouse cannot be located conveniently to both
repair shop and round-house.
The repair shop is so remote from the round house that
it would be necessary to add a small machine shop to the round-
house for use in making "running" repairs to engines.
The layout as shown by Pig. 2 ( b) , appears to have the
folio?/ ing advantages.
It utilizes a tract of ground that otherwise might remain
unserviceable.
The tract of ground left vacant by abandoning the yard
approach may be used for a nY M to turn engines in case the turn-
table is disabled.
Since the repair shop is near by, the roundhouse may de-
pend upon the machine shop and blacksmith shop for the material
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needed to make necessary "running" repairs to engines.
The transfer table is easily reached by incoming engines.
The storehouse may be located so as to be conveniently
reached from both repair shop and round house.
Future extensions to all departments will be possible.
Appendix "A" page 40 states the probable costs of the
two methods of entering the erecting shop, as described above.
The figures indicate that a saving of $667.85 is realized by
using the yard approach. It is considered that this slight
difference in just cost is more than offset by the advantages
stated above for layout "b" , and it was therefore decided to adopt
this layout, Pig. 2 (b), whereby the erecting shop is entered by
means of a transfer table.
10. Selected Shop and Locomotive Terminal Improvements-
The location of the locomotive repair shop having been selected,
attention will now be given to a few of the minor details con-
nected with it, and to some improvements to the locomotive
terminal.
Pig. 5 page 16 shows the complete layout of the repair
shop and the following terminal improvements.
The old power house will be enlarged; the northern half
will be occupied by the boiler room and the other half by the
engine room.
The scrap bins, blacksmith iron shed, and coal and coke
bins will be located west of the boiler and blacksmith shops.
They are served by a track from the round-house and yards con-
necting with the transfer table.
'
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The flue tumbler will be placed outside the boiler shop
owing to the noise made by rattling the flues.
Lye vats for the cleaning of engine parts are to be
placed on each side of the track leading from the yards to the
east end of the transfer table. An overhead air hoist will serve
each vat.
A large covered platform will be placed near the machine
shop adjacent to the transfer table. This platform will be used
for the storage of castings, springs, and driving wheel tires.
The improvements to the locomotive terminal will include
a boiler washing system capable of washing twelve engines every
twenty-four hours.
A track will be laid to connect the west end of the yards
to the east end, so that engines may be taken to and from the
round house without having to pass through the yards. This
track will be most useful in cases of blockades,when under pres-
ent conditions, long delays are often incurred in waiting to get
an engine from one end of the yards to the other. A "Y tt connec-
tion from this track will enable engines to be turned in case
the turntable breaks down.
The oilhouse will be removed to a location nearer the
tracks used by the out-bound engines.
The northern half of the round house will be enlarged
to ninety ft. between the inner and outer walls. Three drop pits
will be located in the other half of the round house. One of
these pits will be used for engine trucks and the others for
driving wheels. The center pit will connect with the erecting
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shop so that wheels may be transferred directly to the shop.
A email building will be built at the junction of the two halves
of the roundhouse, to be used as a small machine shop. This will
be equipped with a 16-inch engine lathe, a 21-inch drill press,
and a double emery wheel.
It seems advisable to have these machines near the drop
pits in order to reduce unproductive travel between the round-
house and repair shop.
The roundhouse foreman's office will be located in the
addition built onto the southern half of the roundhouse. The
other part of the addition will be occupied by a carpenter shop,
for locomotive repairs.
The old 70 foot turntable will be replaced by a 90 foot
turntable equipped with electric motors.

THE EQUIPMENT.
1. Erecting Shop Equipment- The equipment to be placed
in the erecting shop will consist of apparatus for the unwheel-
ing and wheeling of engines and a 10 ton crane having a span of
80 feet to be used in lifting and transferring the heavy parts
of a locomotive. In large repair shops it is practicable to use
a heavy overhead crane to unwheel the engines, but the shop under
consideration is too small to warrant such a heavy crane. Two
methods of unwheel ing engines that are suitable in this shop
are hoisting by hydraulic jacks or hoisting by an electric screw
jack hoist. The latter method will be installed in this shop
because it seems the more economical. Appendix "B M page 41 gives
an outline of the cost of these two methods of hoisting loco-
motives.
The elce/tric screw .jack hoist, Pig. 4 page 20 used for un-
wheeling engines will be placed over the first pit at the east
end of the erecting shop. The center line of this pit is 13 feet
from the wall and the other pits are spaced 22 feet from center
to center. This leaves a space of 9 feet between the center line
of the last pit and the fire wall separating the erecting and
boiler shops.
The purpose is to bring an engine upon the pit equipped
with the electric jack,unwheel the engine, place it upon trucks,
and then move it out to the transfer table and thence to some
other pit where the necessary repairs can be made.

It has been stated that eleven pits are required in the
erecting shop. Since the electric jack is to occupy one of these
pits continually, there are really only ten working pits, how-
ever since the unwheeling and rewheeling of engines will there-
by be concentrated at one pit, these ten pits will be sufficient
to take care of the engines undergoing repair.
Material racks for the storage of dismantled parts and
work benches will be placed between each erecting pit.



2. Selection of Machine Shop Equipment- The art of rail-
way shop design has not yet been developed to the point where
one can turn to accessed formulae for the selection of the
equipment for the machine shop. The best that can be done is to
follow what is thought to be good practice; but even then the
solution is not easy, for the ratios deduced from the comparison
of a number of shops are found to vary widely, and the figures
thus obtained have to be modified by personal judgement.
It was at first thought possible to determine the equip-
ment required for the machine shop by a graphical method, that is,
by a series of curves showing the relation between the number
of erecting pits and each class of machines in existing shops.
But after obtaining many such relations it was found impossible
to draw a curve that would in any way assist in determining the
selection of the equipment. As shown in Pig. 6 page 42, the scat-
tered points indicate the number of four different kinds of
machines in several shops of various sizes. This method was
consequently abandoned.
The method adopted consisted of listing the size and
number of the machines installed in seven shops each of about
the same number of erecting pits as the proposed shop. These
were tabulated as shown on pages 43 to 47, appendix MD tt . By taking
an average of these, the equipment for the proposed shop was then
selected, in some cases it was thought advisable to vary some-
what from the sizes thus determined. In cases where only the
number of machines was given, the machines were listed in the
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column "size not specified'1 .
In order to determine how the equipment of the proposed
shop compared with that of the other shops, the total number of
machines in the seven shops was divided by the total number of
erecting pits,or the "tools per pit" obtained. The number of
"tools per pit" of the seven shops was 3.83 while the proposed
shop has 3.73 "tools per pit". The proposed equipment evidently
corresponds with usual practice.
PROPOSED SHOP.
Cutting Tools—17$ of total.
Planers—-—43$
Shapers 28$
Slotters 14$
Milling 14$
Turning Tools—47$ of total.
Lathes 84$
Boring———
-11$
Grinding—- 5$
Drilling——12$ of total.
Miscellaneous—24$ of total.
The comparison of the proposed shop with the other shops
by the above methods showed that a smaller number of machines is
to be installed than is usually provided for a shop of its size.
This is as it should be for the shop will not be required to
work up to its full capacity for a period of five years and it
seems preferable to add the machines as they are needed t rather
than add them at first.
The machines will be group driven with the exception of
a few of the larger machines which will be equipped with indi-
vidual motors. The machines were selected from the latest cata-
logs. The list of tools for the machine shop is given on the
following pages.
TRUNK LINE SHOP.
Cutting Tools—26$ of total.
Planers 50$
Shapers——
-20$
Slotters 20$
Milling 10$
Turning Tools—52$ of total.
Lathes——80$
Boring —15$
Grinding—— 5$
Drilling——
—13$ of total.
Miscellaneous— 9$ of total.
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MACHINE SHOP EQUIPMENT.
Layout Number Description of Maker.
Number. Required. Tools.
37—38 2 Bolt Cutter,double Acme Machinery Co.
Acme #2 Class "A".
BORING MACHINES.
5 1 84" Bullard boring and Manning,Maxwell ,&
turning mill.Motor drive. Moore.
6 1 51" Bullard boring and " *
turning mill. Motor drive.
DRILLING MACHINES.
16 1 Radial drill, 72" American Tool Wks Co.
Pull Universal.
13 1 Radial Drill.30". " " " "
High speed.
10 1 28" Vertical Drill. Manning ,Maxwell , &
Back geared, positive feed.Moore.
28 1 21" Vertical Drill. tt
M
"
with tilting table.
34 1 15" Vertical Drill. " "
M
GRINDING MACHINES.
1 #2 surface Grinder, Walker Grinder Co.
Type "A".
1 #0 Universal,, Drill „ Universal Machine Co.
Grinder. I/ 8 to 2
1
/2 .
27
40
41 i #3 wet Tool Grinder.
"
8 1 Emery Wheel. 3" x 12". Acme Mchy Co.
36 1 Emery Wheel. 4" x 24".
3 5 i Grindstone. 8" x 48".
It M
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Layout
Number,
1
7
33
32
12-24
29-30
19-20
39
26
31
25
22
21
18
Number
Required.
MACHINE SHOP EQUIPMENT, (continued)
Description of
Tools.
Maker.
1
1
1
1
2
1
1
1
1
1
1
LATHES.
84" wheel Turning.
Motor driven.
42" Pond Engine. Triple
geared head. Motor drive.
30" LeBlond Standard
Engine. Double friction
back geared.
24" Pond Engine.
Double back geared.
18" American Engine.
Double back geared.
16" American Engine.
Double Back geared.
14" American Engine.
Double back geared.
14 M American Engine.
Tool room lathe.
12" LeBlond Engine.
Quick change.
20" Automatic Brass
and Turret Lathe.
#2 Centering loathe. „
Capacity. l/4 to 4-ys.
2^4 x 24" Turret.
1^2 x 18" Turret.
MILLING MACHINES.
#4 Universal.
wm. Sellers & Co.
Niles-Bement-Pond.Co
LeBlond Mch Tool Co.
Niles-Bement-Pond.
American Tool wks.
LeBlond Mch. Tool Co.
Manning Maxwell
& Moore.
LeBlond Mch. Tool Co.
Hendey Mch. Co.
23 1 Pipe Threading Machine. Acme Mchy.Co
1" to 4".
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MACHINE SHOP EQUIPMENT^ continued)
Layout Number
Number. Required.
4
Description of
Tools.
Maker.
3
17
1
1
11
PLANERS.
36" x 36 w x 18'. Variable woodward & Fowell.
Speed.Motor drive.
30" x 30" x 14*. Variable
Speed. Motor drive.
24" x 24" x 8 '.Variable
Speed.Motor drive.
PRESSES.
50 Ton Hydraulic.
Cincinnati PlanerCo
.
Railway Materials Co.
9
14
1
1
300 Ton Wheel.
Motor drive.
SHAPERS.
24" Milwaukee.
Back. Geared Crank.
18" Ohio.
Back Geared Crank.
Lutter & Gies Co.
Ohio Men. Tool no.
SL0TTERS.
15 1 18" Extra Heavy. variable
Speed.Motor drive.
Niles-Bement-Pond-C o
.
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4 t Arrangement of Machine Shop Equipment- The various
machines in the machine shop were arranged in so far as possible
to fulfill the following requirements for the efficient handling
of the work: to necessitate as little handling of material as
possible, to group machines of like kind, to place heavy machines
in such a way that they would be served by an overhead crane.
It is desirable to place the machines so that work will
.not fiiave to be carried back and forth across the shop to com-
plete the necessary operations. This not only saves time in get-
ting out the required work, but also reduces unproductive travel.
Grouping machines of like kind also reduces unproductive travel;
the workmen know in what part of the shop,machines of this and
that size are located and work may be left there for the machine
that first becomes idle
,
grouping machines has the further advan-
tage that good natured rivalry often results between men as to
the amount of work they can accomplish. The advantage of placing
heavy machines with a view to serving them by an overhead crane
is obvious.
The arrangement of the machines in the machine shop is
shown in Fig. 5 page 28; their layout numbers are given on pages
29 to 30 and also in connection with the list of tools on pages
23 to 25.
It will be seen by referring to this figure that the
machines required for the wheel work are grouped together and
placed near the electric jack. They are also located beneath the
overhead crane. This arrangement fulfills the three requirements
for the efficient handling of all wheel work.
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Near the wheel machines are located the machines for the driving
box and rod work. Since the rods require considerable floor area
and bench work it was thought advisable to reserve the space
near the bench for them.
The central portion of the machine shop was left vacant
in order to provide ample passageway from the erecting shop to
the tool room and to leave room for the machines that will be
added as the work of the shop increases.
The turret and engine lathes are grouped on the side of
the shop adjacent to the blacksmith shop. It will be noticed that
similar machines are placed side by side and that the larger
machines are located around the edges of the group. Plenty of
floor space has been alloted each machine in order that material
may be stored near the machine and also leave the passageways
open. The machines which are used quite often by the erecting
shop men, such as grindstones, emerywheel, small drill press, and
bolt cutter, are located close to the erecting shop.
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MACHINE SHOP EQUIPMENT.
Layout Number. Description of Tools.
1 84 n Wheel Lathe.
2 3 00 Ton wheel Press.
' 5 30" Planer.
4 36 " Planer.
5 84" Boring Machine.
6 51" Boring Machine.
7 42" Lathe.
8 Emery Wheel.
9 24" Shaper.
10 28" Vertical Drill.
11 50 Ton Hydraulic Press.
12 18" Lathe.
13 SO" Radial Drill.
14 18" Shaper.
15 18" Slotter.
16 72" Radial Drill.
17 24" Planer.
18 #4 Universal Milling Machine.
19 14" Lathe.
20 14" Lathe.
21
•
"
l±/2 x 18" Turret Lathe.
22 i
n
2-y4 x 24" Turret Lathe.
23 4" Pipe Threading Machine.
24 18" Lathe.
25 #2 Centering Lathe.
26 12" Le Blond Lathe.
27 #2 Surface Grinder.
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MACHINE SHOP EQUIPMENT. ( continued)
Layout Number. Description of Tools.
28 21 » Vertical Drill.
29 16" Lathe.
30 16" Lathe.
31 20" Automatic Brass Lathe.
32 24" Lathe.
33 30 w Lathe.
34 15" Vertical Drill.
35 Grindstone.
36 Emery Wheel.
37 2 tt Double Bolt Cutter.
38 2 n Double Bolt Cutter.
39 14" Lathe.
40 #0 Universal Drill Grinder.
41 #3 Wet Tool Grinder.
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5. Seleotion of the Boiler and Blacksmith Shop Equipment .-
in selecting the tools of the boiler and blacksmith shops, the
same general scheme was carried out that was used in selecting
the machine shop equipment. Pages 48 to 51 appendix "E" and "P H
give a list of the equipment in a number of shops of various
sizes. From this the tools for the proposed shop were selected.
Pages 32 and S3 give a list of the tools selected for the boiler
and blacksmith shops respectively.
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BOILER SHOP EQUIPMENT.
Layout Number Description
Number Required of Tools
Bending Roll, Size M G "
.
12 , -2" Belt Power.
Crane, I Ton Hydraulic
Pillar, Radius 9' -8"
Crane,?? Ton Hydraulic
Pillar,Radius 9' -8"
Clamp, 9* Hand.
Clamp, 12' Hydraulic.
MaKer
New Doty Mfg. Co.
wm. Sellers & Co.
Wm. Sellers & Co.
Hilles & Jones Co,
Hilles & Jones Co,
7
8
9
10
11
12
13
14
16
17
1
1
1
1
1
1
1
1
1
1
1
Drill Press, 18".
Flue Welding Furnace
for No.
8
Flue welder
Flue Tester.
Flue Cutter.
Flue Rattler.
Niles-Bement- Pond-Co
.
Jos.T.Ryerson & Co.
Jos.T.Ryerson & Co.
Railway Materials Co.
Jos.T.Ryerson & Co,
Jos.T.Ryerson & Co
Forge for No. 4 and No. 5* Buffalo Forge Co.
Flanging.
Grindstone.
Punch and Shear, Size MA rt
30 w throats for 2" plate.
Stay Bolt Threader,
Acme 1 1/2".
Forge
Anvil.
Acme Mchy. Co.
Long & Alstatter Co
Acme Mchy. Co.
Buffalo Forge Co.
Buffalo Forge Co.
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BLACKSMITH SHOP EQUIPMENT,
Layout Number Description
Number Required of Tools.
18 8 Anvils
Maker.
Buffalo Forge Co.
19
20
21
22
23
24
25
26
27
28
1
1
1
1
1
1
2
Blower, No. 8 Buffalo
Steel Pressure.
Bulldozer,No.
6
Bolt Header,Acme l1/^
Crane ,1 Ton Hydraulic
Pillar,Radius 9* -8".
Crane, 2 Ton Hydraulic
Pillar, Radius 9*-8 M .
Emery Wheel
Forges, Single.
3 Forges, Double.
Forge, Frame for No. 32,
Buffalo Forge Co.
Acme Mchy. Co.
Bolt Furnace, for No. 22. National Men. Co
Acme Mchy. Co.
wm. Sellers Co.
wm. Sellers Co.
Acme Mchy. Co.
Buffalo Forge Co.
Buffalo Forge Co.
Buffalo Forge Co.
29
30
1 Furnace,Open* for large
work.
1 Grindstone.
Railway Materials Co.
Acme Mchy. Co.
31
32
33
34
1 Spring Furnace.
1 Steam Hammer, 1100 lbs
Double Frame.
1 Water Tank, Steel.
Punch and Shear,
Hand Power.
Railway Materials Co.
Wm. Sellers Co.
Railway Materials Co,
Buffalo Forge Co.
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6. Arrangement of Boiler Shop Equipment- Pig. 5 page 28
shows the arrangement of tools, tracks , and turntable in the boiler
shop. In this department the purpose was to place the tools in
such a manner as to avoid handling material more than necessary,
and to place machines for the heavier work in such a position
that the least effort would be required in moving material to
them.
The flue welding and cutting machines, for instance, are
placed near the industrial track and at some distance from the
other tools, since flue work will probably be done at different
intervals on a large number of tubes. A considerable amount of
floor space will therefore be required for storing flues and
swinging them from the furnace to the welding and cutting machines
.
with the arrangement shown, it is believed that ample room has
been provided, and that the work on the flues will not interfere
with other work in the shop. Another example of arrangement may
be cited. The bending roll and punch and shear are placed near
the track, both being served by a two ton crane. With this arrange-
ment boiler plate can be lifted from a car by the crane,passed
through the bending roll, moved to the punch and shear by the
crane, and thence back to the car.
The foreman's office is placed in the southwest corner
of the shop, in this position the office does not occupy any
"floor working" space and yet permits the foreman to see all
work that is going on in the shop without leaving his office.

7. Arrangement of Blacksmith Shop Equipment- The arrange-
ment of tools in the blacksmith shop is shown in Pig. 5 page 28.
In placing the tools in this department the same idea was carried
out as in the boiler shop; the machines were arranged to carry on
the work as conveniently as possible.
The spring tools are placed in the southwest corner of
the shop near the industrial track and the emery wheel and
grind stone are located in line with the bulldozer in order
that all three machines can be driven by one motor. The bolt
tools and furnace for large work are placed at the far end of
the industrial track. The steam hammer, frame forge, and furnace
are placed in the middle of the shop close to the track. All can
be served by the two ton crane. Two double forges are placed at
each side and a single forge at each end of the shop. A blower
for furnishing air to the forges is located at the east end of
the shop and will be driven by an individual motor.
The foreman's office is located adjacent to the south
wall of the shop near the door which leads into the boiler shop.
Prom this position the foreman can observe all work that is
being carried on in the shop without leaving his office.
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8, Structural Details and Auxiliary Features- Under this
heading are included items that relate more closely to the build-
ing itself and which did not enter into other portions of the
design.
The floor in the erecting and machine shops will be made
of 6-inch gravel concrete, laid on a 12-inch bed ot rolled cinders.
The floor in the boiler and blacksmith shops will consist of a
12-inch layer of well tamped cinders. The pits in the erecting
shop will be made 42 feet long and 26 inches deep. They will be
faced with concrete and provided with compressed air,heat, and
electricity.
A shop industrial track system will be installed,whereby
material can be transported between the departments by means of
push cars. The industrial track will extend the entire length of
the erecting shop ,( Fig. 5) and will connect with the boiler and
blacksmith shops. Three eight foot turntables will be used; one
being placed in line with each end pit and the third at the
junction of the boiler and blacksmith shop tracks.
The overhead steel structural work will consist of such
trusses and frame work as is necessary to support the roof,
motors for driving machines,pipes, lights, and wiring. Two rows
of steel columns will support the track for thie ten ton crane
which serves the erecting shop. The roof will be of the saw-
tooth type, the skylights being made of glazed wire glass fitted
with proper apparatus for opening to allow ventilation.
All walls of the building will consist of brick 16-inches
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thick,with the exception of the fire wall separating the diff-
erent departments. This will be 8-inches in thickness. A heavy
wire netting will separate the tool-room from the machine shop.
Ten foot windows will be placed every five feet on all sides of
the building except where it is necessary to place doors. Where
tracks enter the building, 12 foot swinging doors will be locat-
ed. All other doors will be made 4 feet by 8 feet.
The entire building will be heated by the Sturtevant hot
blast system f hot air being delivered in two longitudinal under-
ground conduits parallel to the side walls of the shop, with
ducts leading to the surface about every 25 feet.
Artificial lighting will be accomplished by the use of Cooper-
Hewitt lamps and in addition, single electric lights will be
placed at each machine in the machine shop.
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IV- ESTIMATE OF COST.
1- cost of Buildings.
Repair shop ,3 52' x 145*
at $1.90 per sq.ft. $97,000.oo
Tool room and wash room.- — 2,950.oo
Storehouse, 100' x 55'
at $1.50 per sq.ft. ————— - 8,25Q.oo
$108,200.00 $108,200.00
2- Cost of Repair Shop Equipment.
Machine shop equipment,
including shafting, mo,tors,
and 2 Jib Cranes.— ———«—- $53,600. oo
Boiler shop equipment.—-——— 7,310.oo
Blacksmith shop equipment.——— 4,200.oo
10-Ton overhead crane. — 4t275.oo
Electric Screw Jack Hoist. 4,ooo.oo
$73,385.00 $73,385.00
3- Cost of Auxiliary Equipment.
Transfer Table.—— ______ $7,990.oo
Tracks and crane runway.——- l,600.oo
Scrap bins ,material sheds,
and lye vats. « l,700.oo
$ll,290.oo $11.290.oo
Carried forward to page 39.— —— $192, 875. oo
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Brought forward from page 38. ——~
_
$192, 875. oo
4- cost of Terminal Improvements.
Oil house.—-—_____
—$2,000 .oo
9 foot turntable.—-—.—____ 8,000.oo
Drop pits.— — l,000.oo
Round house enlargement.-—— l,900.oo
Machine shop equipment.— l,290.oo
Air and steam pipe lines.-—— 450. oo
2 Tank boiler washing system.-ll ,000.oo
"Y" Track. ._-.____—-.______. 2,800.oo
$28,440.00 #28,440.00
TOTAL C0ST.———————^———=- $221,315.00
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"A". Cost of Yard Approach, Transfer Table, etc- The follow-
ing is a statement of the probable cost of the two methods of
entering the erecting shop.
Yard Approach.
16064 feet of second hand 60# rails at #20. per ton.^^3212.80
4016 second hand ties at 30c7 per tie, 1204.00
244 joints, complete at #1.10 per joint. — 268.00
13 #15 switch points at #17.50 per switch.-—
—
— 227.50
13 #7 frogs at #15. oo per frog.——-—-— TQFi ooJU *J kJ « \J \J
13 ttground rt switches at #4.25 each.-— 55.25
12375 lbs. spikes at 2.25^ per pound.—— 278.45
Laying 8032 feet of track and surfacing
at #350.oo per mile.— - —————
—
532.00
Probable cost of small machine shop.
25'x 30' annexed to round-house .— 1350 oo
Transfer Table, etc.
i^7323.00
Price of 50 foot transfer table,
not including rails and excavation.— S5500.OO
Excavating 1480 cu.yds.at 35^ per cu.yd.———
-
• ——
—
518.00
2865 feet of second hand 60# rails at #20. per ton. 573.00
40 joints, complete at #1.10 per joint.—— 44. oo
715 second hand ties at 30^ per tie.—— 214.00
2250 lbs. of spikes at 2.25^ per pound.™ 50.60
1 #15 switch point.——-———— 17.50
1 #7 frog. 15.00
1 "ground" switch.-— ~ — ' — 4.25
240 cu.yds concrete work at #4.oo per cu.yd. 960.00
Laying 1432 feet of track and surfacing, #3 50. per mile. 94.50
£7990.85

nB". Comparison of the Cost of Two Methods of Unwheeling
an Engine- The following statements and figures explain the
probable cost of two methods of unwheeling a locomotive.lnter-
est and depreciation losses are not included.
1 Electric Screw Jack Hoist,complete.-~—————— #4000. oo
with an electric hoist one man can hoist
an engine in a very short time; hence the
cost of labor is practicably negligible.
4 Hydraulic Jacks, at $140. oo each.-——- #560. oo
Two machinists and four helpers can n jack-
up" an engine in ten hours. The cost of
this class of labor per ten hours is #16. oo.
12 engines will be ttjacked~up n every month.
Cost of labor for 18 months. ——
—
— #3456.oo
_^
#4016.00 #4000.00
From the above figures it will be noticed that although the
first cost of hydraulic jacks is very much less than that of an
electric screw jack hoist; the money expended for labor in eigh-
teen months in n jacking-up * a locomotive,plus the price of four
hydraulic jacks would be sufficient to pay for an electric screw
jack hoist.

-42-

-43-
CD
do ©
T\TTATrrfifT V
L Vm **-v W »*• 11 1/ 'ff H rH
H O
jH etJ
M 3 pe"FJT oe(l8 q.on ezrs i
i
CvJ i—ir l CVJ
uST H H
03
ft
G> u8T
H H H
-P
+>
H IIGO
H
CO
TioTTTntjfTe inn o^to
rH H tQ
rH
0}
n
••0211wo
rH
i
03
,d
_iit —11 i CVJ —ii i
CO pexiToeds ion ©zis 03 CO CVJ Cvj
rH rH |H
H H to
UUXr* II 0%i irH ir-1 rH i
03
UGXr*--|lGZi H H
..QCX..QC?li y 36^4**7 r< CM rH rH H H
CDH
Pm It O / UO f
i03xii^9xu^91 w v *i r -J M r m H H
pejj-poeds q.oxz ez-ps c- H
PITS
IN
ERECTING SHOP OH OH
CM
H
CvlH
A1
H rH H rHH
LOCATION
OP
SHOP
Hannibal
Urbana
Boone
Concord Empalme
ElPaso DuBois
»H0P
RAILROAD
COMPANY Or-
o
CCC&St.L
O
So.Pac.
EP&SW
PROPOSED
£

44-
§
•H
fjO
O
to
PhO
w
CO
w
M
w
o
CO
o
o
PhM
ofW
m3I
H rH H
to H H to
«9T evj to H to CM
«8I CM H CVJ to CVJ
H H
ca to H H iH H H
Lathes
«92 HI
«82 H H H
o «0S to CM H
a
to
g
«92 H
n
»SS H
*0* H r-t H
t—
1
H H H H
«8^ rH
pexxxoeds q.ou ezxg H
to
H H H
Lathes
H CVJ
«68
HI H
Wheel
:
u06 H
pexjxoeds q.ou ezxs iH CM CM to
M M Ph
Eh O
co o a
eh m co
as
O O CM
1n
CM CM H
i
LOCATIOH
OF
SHOP
Hannibal
Urbana
Boone
Concord Empalme
El
Paso
Dubois
3H0P
o N
PI**!
aa
<s o O
ito
•8O
o
o
is
£h
«8O pq
So.Pac.
EP&SW 6H
Ph
PROPOSED
:

-45-
•H
•P
O
O
CO
PhO
w
CO
S3M
w
o
CO
o
o
a?
©U^^OBF! SufpseJui edxj H CM H
eufupBH Sux-XTT-W qsxs i-4
ouxtiOBpi 2uxJ©q.Jtmi^ H H
.laneous
Lathes
X^oinof
i-t
C\J
X©©uji «x*o to tH
es^xa 4,8X
H H H
H CM H H H
peeds cu
t—i
o
o
CO
•H
9uxj©q.u©o H H H H H
H
Turret
Lathes
«8I x uz/l X H
H
H CV3
H
utt x tl^/x 3 H H H
«92 x M£ H
«9 H
ut3 X M2/x 9 H
psTJTO^cfe %ou ©zxs H CVJ H
PITS
IN
ERECTING SHOP
H H WH CMiH
M
H iH flH
LOCATION
OP
SHOP
Hannibal
03
03
Boone
Concord Empalme
ElPaso Dubois
PROPOSED
SHOP
o h
&n a
<j{ o
Of
&
pq
o
CCC&St.L
o
•
pp
So.Pac.
EP&SW S3
Ph

-46-
aH
—i
i
«H
*
I—
I
rn
«T2 H H
UP CM
H
a
*H
U U H CM H
-P
M
©
H
H CM CVJ
«0S CM H
CO
HH •,09
H
<H
N
«99 H
3 H CM H
a3
H-H) psTTToeds iou ©zfS H CO H H
COH
H
H H
•H
H i—
1
H rH
-p or
k F5 H H H rH
o C\3 i-»
SO
H H
rH
a} H
«2t H
O
n tta «39 f—
o n
pq
ps-pjioeds q.ou ezfs H H
PITS
IH
ERECTING SHOP
oH OH CMH
CM
H
CM
H H H rHH
OF
SHOP
Hannibal
Urbana
Boone
Concord
Erapalme
El
Paso
Dubois
PROPOSED
SHOP
PiTT.POi'n
5
COMPANY
en
pq
o
-p
CO
08O
o
o
08
O pq
So.Pac.
E=
CO
08
PhW WPh

-47-
eufHOBpi 9uf!j.T2es £©2 H
H
•npqc«H SupjrrpS ©TO! H
jeq.^nD q-ios ©t3uis rH H
CM rH CM CM rH CM
jq^D q.ioa eidpia rH
H H
sse^d A3jos H
H H H rH rH H H
ss©j:<i xeeqM jbo H H
jejog looum iH H
-lejog ssbjo. xeo H
H H to CM CM CM
seuo^spujMO C\2 H rH rH rH
sea-pno-eM StrppuTJS H to CM CM H
sjopn-pao looj, H CM lO rH
sjepufjo IITJa H H rH rH rH rH rH
8<iepn-fJ0 3tufi H
sjepufjQ ©PT^O H rH
sgH ft,
CO H O
M S S
OH OH CMH CMH CMrH H rH rHrH
LOCATION
OP
SHOP
Hannibal
Urbana
O
PiO
O
pq
Concord Empalme
El
Paso
Dubois
PROPOSED
SHOP
|
RAILROAD
COMPANY
pq
CO
08
08
pq
So.Pac.
CO
PM
w
•
|
PM

-48-
CO
PhO
w
CO
«
3MO
CO
oM
«
t>
o
&H
53
PhM
S
H H H H H
•i©Pt©& ©ni£ H H H CM H H
je^no ©ui£ r-i H H H 03 H
H
Hourly gSubi^ H H i—
1
H H
H H H H
CM H CM CM
H H H iH H
(noji t) etrejo H H H
H
I©A©g H
(gf) jlqnlotz H
( .31) siioa Snipueg H H H H H H H
( i9) siioh Suxpueg H
PITS
IN
ERECTING SHOP
OH OH CMH CMH CMH H HH
LOCATION
OP
SHOP
Hannibal
Urbana
Boone
Conoord
SH
6)
f
ElPaso Dubois
PROPOSED
SHOP
RAILROAD
COMPANY
or
a
o
•p
CO
c8
o
o
o o
a
ph
So.Pac.
m
CO
iPhW
4
&
W
PM

-49-
©
•H
+»
Pi
O
o
CO
PhOW
CO
w
M
o
pp
CO
oM
>
S
PhM
&
H H
H
rH rH
jo^no 3.T©ci.£*3.g H
jepBexqj; q.ioqiC'B^s rH H H
ssejj TTWE I«TP«H H H H rH
jre©HS c§ qoima: H H H CVJ rH H
eirpi{0«Fi Sufqoimj H H H
( .02 ) aeuoii H rH
euoq.spnfjco H H
©Sjo^ Strp9u«T£ H rH H rH
CVJ H H
jexqamj, enx^ H H H H
eo«tun,a Su-ppiOM e*ni£ H H H rH
PITS
IH
ERECTING SHOP
OH OH
CVJ
H COH CMrH H H
H
rH
LOCATION
OP
SHOP
Hannibal
Urbana
Boone
Concord Empalme
El
Paso
Dubois
PROPOSED
SHOP
O
o
rH pHM S
<J o s
o
CCC&StL &
O
So.Pao.
EP&SW
•
Ph

H H
H H H H HI
H
©Sjotf ©ttnsj,£ H iH H to H
seSjo^ HH CO OH OCM CM H oH CO
H i—
t
H
(«02) ssej^ IIT^a H H
to
(uoj, z) ©u«jo H CM CM to H
(uoj I) ©trsjo CVJ CM H to CM
©oetixn^ q-ios H H H
1
t
j©p*©H q-ios H iH H H H
r—t Hi H rH rH
(6#) J©MOia H
(e#) j©Moia H H H H H
ERECTING SHOP
O
i-i
OH CMH CMH CMr-i
•«#
H H HH
JjUO
Al
XU1J
OP
SHOP
Hannibal
C53
3
N
Boone
Concord Empalme
ElPaso Dubois
PROPOSED
SHOP
P
o S
<J o
« o
&
c8
pq
o
1-1
•P
CO
08OO
o
&&
o PQ
So.Pac.
HiCO
&
•
&
Ph

i—
l
CV2 H (—
t
{#000*) JencTBH uree^s H
(#0002) JQtnciBH tosses H
(#0081) isnnrreH tnse^S H
(#0091) JcerareH onsets H r-i
(#000T) ieonnBH onsets H H rH H H H H
! (#008) -ienici«H °*MH H H
( #003 )jemreH amo^s H H
(#002) JeranBH tnB©q.s H i—
1
H
(|08) J©xnniBH treeq.s H
i—
1
H
©otjujmjf 3ttxjcLg iri H i—
1
H
1 Q TtSftTTO TYTT'O TTOTTT) J H H H H
60BILITl£ ito H H
errors "PHT^S H H H
PITS
II
ERECTING SHOP
OH OH CVJH CvJH <MH H «#H HH
LOCATION
OF
SHOP Hannibal
Urbana
Boone
Concord Empalme
ElPaso Dubois
PROPOSED
SHOP
9mo a
as
<! O
Ph O
Qi
o
CCC&St.L
e
o pp
So.Pac.
CO
c3
M
•
Ph

WBSL
4« ^^^^^
4

